Th e pse udonatura l o rbit al procedure has bee n a pp lie d to th e ca lc ulation or th e pot e ntial e ne rgy c urv e o r LiH a nd the di ssoc ia ti on e ne rgy of BeH + Only th e tw o·e lec tron bondin g pa ir is co rre la ted a nd es tim a tes or (T and 7T type co rre la ti on a re ob tain ed. Th e res ults ror LiH a re in good agree me nt with th e mo st acc ura te pre viou s ly publi s hed c a lc ul a ti o ns. Compa ri son with e xp e rimc ntal res ult s ror LiH indi ca tes th a t th e ca lc ul a ted di ssoc ia tion e ne rg ies a rc acc ura te to a bout 0.1 5 to 0.2 e V.
Introduction
The ca lc ulation of accurate potential e nergy c urv es of s mall molecule s c annot be achi eve d within the fram e work of th e Hartree-Foc k one-elec tron mod e l. Cons iderati o n of th e corre lation is necessa ry to in s ure both th e correc t asymptoti c de pendence a nd th e d e pth a nd shap e of th e c urv e nea r the e quilibrium separation. ( In order to simplify th e problem correlation co nsid eration s s hould be limited to only tho se e lectron s intimately involved in th e binding process, i. e., th e valence elec trons. Thi s permits th e utilization of localization tech niqu es which limit the number of relevan t electron s that must be correlated. Prior to th e introd uc tion of localizat ion technique s it is necessary to s how that ,
The simpl es t case beyo nd H2 is th e isoe lec troni c LiH sequence. Numerous calc ulation s [3] of thi s mo lec u le have appe ared over the years but th e relativ e simpli city of th e model has e nti ce d all th e inv es tiga tors to do as co mple te a c alc ulation as po ssibl e within their model. Those studies which co nsider correlation th e refor e apply a co rrelated trial fun ction to both th e Li K shell and th e bondin g s hell . Althou gh th e probability of s uccess for a va le nce-s he ll-onl y treatm e nt is predi c tab ly high, we feel th a t s uc h a calc ulation is re quired as a basis for future work in thi s a rea.
Th e calc ulation in thi s paper is e quival e nt to th e exte nded H. F. calc ulation with a frozen l<T(K s he ll ) H. F. mole c ular orbital. Th e actual proce dure follow s the pseudonatural orbital (PNO) pro ce dure previou sly applied to the three-e lec tron sys tem [2] . In effect th e virtual H . F. orbitals are transformed into approximat e natural orbitals [4] whi c h span the same region of space as the occupied H. F. valence orbitals. Su c h orbitals provide for rapid co nvergen ce in th e superposition of configurations (S OC) calculation. A number of points of the LiH c urve were calculated in thi s way. The results are compared in partIcular to th e natural orbital based calculatio n of Be nd e r and Davidson [3f] which is the most accurate c alculati on for LiH. We can anticipate our co nclu s ion by notin g that the outer-shell correlation e nergies for th e tw o calc ulations are quite co mparabl e.
. as expec ted, only the valence electrons nee d be co nsid ered. Evidence for the validity of thi s co ncep t ha s bee n a cc umulated by ex tended Hartree-Fo c k (H. F.) c calc ulations [1] 1 on th e molec ules H2 and Li2, for whi c h th e bondin g valence electrons are a simple pair. Additional work has been done on sys tems for which int ershell pairs are signifi cant [2] . Howeve r, s uc h com-
. plicated syste ms fall beyond the ran ge of th e pres e nt inves tigation , which is to add to th e evidence for the accuracy of potential c urves c alculated by correlating only th e two-elec tro n valence shell.
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The isoelectronic system BeH + is al so c on s id e red only at th e equilibriu III internuclear se paration. S i nce the electronic distribution s in th e B. F. s olution for LiB and BeH + are quite different , the correlation results shed light on different bonding cases ranging from the ionic or strongly polarized through the covalent. For the LiH and BeH + molecules the techniques utilized have proved convenient and quantitative.
Pseudonatural Orbitals and Basis Functions
All calculations are based on trial functions of the form 1/1 (1 , 2, 3,4) = A 1/11 (1)1/11 (2)1/1 (3, 4) where 1/11 is an accurate approximation to the Iu H. F. molecular orbital, cp is a two-electron pair function including a singlet spin function, and A is the antisymmetrizer. The pair function is held strongly orthogonal to the 1/11 orbital. The overall symmetry is Il + and the wave function would agree with the result of an extended H. F. calculation i(the 1/11 orbital were permitted to relax in the field of the pair function.
The cp (3, 4) is determined here in two steps. Using the u virtual H. F. solutions, a superposition of all configurations formed by all single and double excitations from the valence shell molecular orbital is diagonalized. Similarly, an arbitrarily orthonormalized set of 1T orbitals is diagonalized. The first-order density matrices for both the u and 1T substituted wave functions are diagonalized by determining the equivalent transformation which diagonalized the coefficient matrix for the SOC expansion. The approximate or pseudonatural orbitals are now available for a complete SOC involving both IJ and 7T excitations. Only diagonal excitations are now considered and the final SOC requires a limited number of interaction integrals in the new basis, thereby simplifying the calculation.
The use of pseudonatural orbitals is most convenient when intershell pairs are significant. Extended H. F. procedures would actually be better in the present case, since only one pllir is being correlated. However, the results are essentially equivalent and are obtained with comparable effort.
The basis set is built around the best atom Gaussiantype function (GTF) H. F. solutions of Huzinaga [5] . As is widely known [6] , the natural orbitals are localized in the same region of space as the respective H. F. orbitals. Except for polarization orbitals of new symmetry type the H. F. basis should suffice. Polarization orbitals were added by scaling GTF fits to pIJ and p7T functions and varying the scale factor to determine the best energy. The variations were by no means exhaustive and improvements are possible. The variations were done only for LiH at 3.0 a.u. and the same basis was used for the entire curve (or appropriately scaled for the BeH + case).
Small exponent sand p GTF are centered on the Li atom. They are intended to account for the polarization of the charge distribution toward the H atom. Whether the LiH charge density can be represented by an ionic model is somewhat debatable [7] with the present evidence leaning toward the polarization of a diffuse Li 2s function. The large set on the Li actually 86 contributes to the wavefunction near H with the heavy weight to the small exponent functions.
The i'ccuracy of the basis is best judged in this light by comparison with the results using significantly different bases. The BeH+ charge density has even less resemblance to an ionic model and the basis should be adequate.
The basis sets are defined in table I and the PNO coefficients are given in table 2. The first two orbitals are exactly the undisturbed Isu H. F. molecular orbital and the bonding PNO which is very similar to the second occupied H.F. molecular orbital. This orbital has been referred to as a ISH _ orbital because of the ionicity of the LiH bond [8] . However, the 2s Li and 2PLi densities are far from insignificant. From our results and those of Bender and Davidson on the partitioning of the correlation into u and 7T type terms, the identification 'of this orbital as a ISH _ is obvio usly oversimplified. The basis set that was chosen to represent both the H. F. and correlation may, however, underestimate the need for polarization of the H centered density. , Th e final wavefun c tion s are obtained with a trial fun c tion base d on th e PNO. The square of the coe fficie nt are li sted in tabl e 3. Since only one pair of elec tron s is excite d th e C2 are equivalent to the occupation numbe r for the natural spin orbital. Only co nfi guration s with C~ > 0.0001 are included.
Analysis of the Correlation
The initi ally occupied 10' and 20' H. F. orbitals are li ste d in tabl e 2. Compariso n of the 20' H. F. orbitals with th e 20' N O shows no appreciable difference until R exceeds 6 a.u. Th e first NO and the Hartree-Fock orbital are ve ry similar at the equilibrium configura tion [9] .
Th e asymptotic be havi or of th e 2u and 30' PNO results in th e correc t atom products, the H . The 30' PNO in the neighborhood of the equilibrium separation acts mostly as an in-out type of co rre l .ation on th e H -bonding di st ribution . Be nde r a nd DaVid son note that th eir 30' orbital re se mbl es a 2s hydroge n atom orbital orthogonalized to th e Is Li orbital. In our case th e Li portion of th e 30' orbital rese mbl es that part of the 20' whi c h serv es as a hybridize d 2s Li orb it al. Howe ver , th e left-ri ght type of corre la tIOn re quire d to ass ure prope r asymp.toti c d epe n~e n ce is also present. As R in c rease s thi S type domll1a. tes and acco unts for the rapid ri se in th e 0' correlatIOn energy. .00024 .00007 .00000
The pO' co ntribution is significant in the 40' P NO but without plots of the orbitals it becomes increasingly diffic ult to ascertain th e dominant correlating effects.
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Thi s orbital tends to s hift c harge along the bond towa rd the Li.
The only other correlating orbita l with a s imple effect is the 17T PNO, which dominates th e angu lar correlation. As R increases and charge transfers bac k toward the Li, the angular correlation also beco mes more diffu se and eventually goes to zero. The depe ndence of the 0' and 7T type correlation as a function of R is shown in ta ble 4 along with the total and co rre lation e nergy.
The 0' and 7T type correlation are de termined by considering the 0' and 7T SOC independently. As a result the se estimates do not add up to the total cor re lation whi c h is the difference be tween the total e nergy, for the co mbine d 0' a nd 7T SOC, and the H. F . e ne rgy. Such es timates are always found to exceed the tru e valu e as do the C2 coefficie nts . Comparison with Bender and Davidso n' s brea kdown of th e co rrelati o n is encou ragin g. Th e 0' and 7T res ult s a re esse ntially id e nti ca l. As Bender and David so n not e, thi s co rre lation breakdown does not co rres pond to that expec te d for H-.
The di ssoc ia ti on e ne rgy re la tive to th e Hartre e -Foc k produ cts is 2.36 e V. Thi s is withi n 0.15 e V of th e expc rim en tal va lu e of 2.51 eV [10] . Th e neglec t of inters he ll and oo t ype co rre la tion s ca nnot accoun t for s uc h an error. The error is also not in th e co nve rgen ce properties of th e NO ex pansion [or thi s bas is . The res ult s quoted in tabl e 4 are for the e ntire ba s is. Th e PNO li s te d in table 2 s ub s um e all but abou t 0.05 e V of th e e ne rgy contr ibuti ons from thi s basis. Th e basis se t is poor an d will require furth e r e xperimentat ion if a n improve me nt is to be had. BeH + at the equilibrium configuration presents res ults co mparable to that for equilibrium LiH. Th e correlation brea kdown in terms of 0' and 7T contribution s are essentially the same and nearly independent of the bonding characteristics of the respective Hartree-Foc k molec ules. The dis sociation energy is 2.93 eV and on the bas is of the LiH calc ulation shou ld be good to about 0.2 e V.
